Background: lead poisoning can have a negative impact on the neuropsychological functions, including language, due to the damage it causes to the development of the Central Nervous System. Aim: to verify the occurrence of language disorders in children who suffered from led poisoning and to verify the correlation between the lead concentration level in the blood and the language disorders presented by the children. Method: language evaluation of 20 preschoolers, with lead concentration level in the blood above 10µg/dl. Results: 13 children presented language impairment involving only phonology or more than one language subsystem. The statistical analysis indicated that no correlation exists between the severity of the language impairment and the concentration levels of lead. Conclusion: the number of children with language impairment indicates lead poisoning as a risk factor for the present alterations, even though other risk factors for language disorders were found and the absence of correlation between the investigated variables.
Introduction
The specialized literature points to strong evidences of neuropsychological disorders caused by lead exposure, including deficits of attention, concentration, memory, intelligence, learning, language, psychomotor behavior, interpersonal behavior, besides growth delay and endocrinological effects from mild to severe degrees, especially in cases where the lead concentration is above the limit established as tolerable, up to 10 g/dl (1) (2) (3) .
Despite several studies reveal that elevated lead levels are able to influence the development of distinct cognitive skills, having some finding, also, association between lead concentration and the performance in the evaluated cognitive abilities, the results still are incongruous (4) (5) (6) . Some authors suggest that even lower lead levels than the accepted by the World Health Organization present risk for disorders in the skills mentioned above, indicating that a security margin does not exist for lead exposure (3, (7) (8) (9) . On the other hand, certain studies do not find correlation between the blood lead level and the neuropsychological dysfunctions presented by contaminated children, evidencing that genetic and environmental factors may aggravate the hindering effects of the lead in the neural development, making some children more vulnerable to the neurotoxic effects of the metal, or yet, despite having a significant influence in children's development, other environmental factors may be even stronger (10) (11) (12) .
Considering that pre-school children are a very susceptible group to the lead effects, this research aimed to verify language disorders in children with lead poisoning background, and to verify the existence of a correlation between the blood lead level and the language disorders presented by children. An environmental accident involving a battery company in a certain neighborhood of Bauru -SP contaminated the local soil and, therefore, part of the population was intoxicated by the lead metal, detected by a hematologic exam conducted by the Bauru's Municipal Health Department through Adolfo Lutz Institute (IAL/SES-SP). The result indicated the necessity of performing an investigation aiming to evaluate the developmental condition of all children from 0 to 12 years old living near the company.
Method
Sixty seven contaminated children, from 3:1 to 6:11 years of age, who presented blood lead level above the value established as tolerable by the World Health Organization (10 g/dl), underwent speech-language screening, involving the speechlanguage screening protocol of the SpeechLanguage Department of USP/Bauru. Concerning the 67 children, 40 failed the screening and were called to be specifically evaluated. Of the 40 children called, twenty showed up to the language evaluation and constituted the sample of this study; twelve were male and eight were female, ranging in age from 3:1 to 6:11 years (mean age of 5:1 years). Children presented a blood lead level between 10,5 and 35,8 g/dl and were also submitted to a hearing evaluation that indicated normal hearing.
The children underwent language evaluation involving the following instruments:
1. Phonology Task from the ABFW -Child Language Test (13 (16) . A 20 minutes language sample was recorded in video, and the following analysis criteria were used: type of sentence and of period used by the subjects; sentences extension and occurrence of verbal and nominal flexion deviances. 5. Pragmatic Skills Evaluation Protocol (16) . A 20 minutes language sample was recorded in video and the following analysis criteria were used: total of verbal turns; total of non-verbal turns, number of times the child initiated the conversation turns, number of times the child answered and/or maintained the conversation topic, number of times the child used simple turns, number of times the child used expansive turns. The following communicative functions were listed: heuristic, naming, informative, narrative, protest, interactive.
The language evaluation was complemented with the following tasks:
1. Bucofacial and Articulation Praxis Protocol (17).
Hearing Immediate Memory, through the Hearing Sequential Memory of the Illinois Test of Psycholinguistic Abilities -ITPA (18).
These tasks were specifically selected once they involve important skills for the lexical acquisition, phonological reception and production.
The analysis of the pre-school children's performances was based on the scores obtained during the several language evaluation procedures, enabling the characterization of the subjects' language development as normal or altered.
A parental questionnaire was also applied, including closed and open questions about pregnancy, pre, peri and post natal intercurrences.
In order to investigate the existence of a correlation between the blood lead level and the language disorders presented by children, the Pearson Correlation Test was used (PACOTICO Program) and the significance level adopted was 5%.
All procedures were carried out in the SpeechLanguage Clinic of the Bauru's Odontology Faculty of the University of São Paulo (FOB-USP).
Results
It is possible to observe in Table 1 the general performance presented by children for each linguistic skill evaluated. That is, the percentage of children who presented normal and altered performance in each linguistic subsystem evaluated, as well as in the complementary tasks.
Analyzing the individual performance, it was observed that 13 children (65%) presented language disorder involving only the Phonology (phonological simplifications not expected for the age) or more than one linguistic subsystem (usually vocabulary and phonology alterations). Only one child did not present altered immediate hearing memory.
As mentioned before, children's parents were interviewed in order to gather information concerning the general development and health, especially those more relevant for the purpose of the study. Of the total of children surveyed (n = 20), seven (35%) presented a background that may affect language development, such as otitis (n = 2), prematurity (n = 1), familiar history for language disorders (n = 2), birth intercurrences (n = 2). It's important to stress that all these children composed the group with language disorder. Table 2 presents the distribution of children regarding the age, the lead level, other intercurrences (besides the lead) and the presence or not of language disorders.
A possible correlation between the blood lead level and the language disorder presented by children was also investigated. The Pearson Correlation Test showed that, in this case, there isn't a correlation between the studied variables. That is, the increase of lead concentration in blood did not determine a worse language performance (r = 0,0421 e p = 0,860). 
Discussion
Despite many studies related to lead indicate general cognitive and language disorders in the contaminated population, the specialized literature did not yet reach a consensus regarding the neurotoxic effects of the metal.
In this study 65% of the contaminated children (n = 13) presented language disorders and three of them presented specifically phonological delay. The other 10 children presented delay in more than one linguistic system, especially the combination of phonology and vocabulary.
Concerning the vocabulary, a greater number of children presented worse performance in the receptive vocabulary task (n = 15) compared to the expressive one (n = 8). Despite knowing that the human being uses (expressive lexicon) a lower number of words than he is able to understand (receptive lexicon), this is not always verified by evaluation instruments. The reason for this is that the language evaluation through tests has a certain degree of artificiality, that is, many times the way we check a word comprehension depends on the As described in the introduction, several studies have found developmental disorders in children, including language disorders, caused by the lead exposure specially in cases where the blood metal concentration is above the tolerable value, of 10 g/dl (1, 5, 6) . Despite not finding a significant correlation between the contamination level and the language development, this study points out that the contamination by lead can constitute a risk factor for language development disorders for the studied children. As well as in other studies, that wasn't possible to make such correlation (10-11), the authors pointed to the influence that the lead contamination may have upon children's development.
On the other hand, many other studies found a correlation between the lead level and the performance in cognitive tasks, including language tasks, considering varied ages (1,-2, 4-7) . When comparing the linguistic performance of children with higher and lower metal level, showed that those with higher lead level presented worse performance, evidencing the substance's effects in the child's neurodevelopment. One of these studies, verified the presence of inverse association between lead concentration and the performance of preschool children in tests of Central Auditory Processing, even controlling the environmental factors (4) .
Other factors besides the neurotoxic agents may lead to nervous system damages, and consequently in children's development, such as genetic factors and the several pre, peri and post natal intercurrences. In this sense, this study has also searched to collect data regarding these other aspects through parental interviews.
Of the 20 children surveyed, 7 (35%) presented intercurrences that may affect children's development, including language development. It's worth to stress that all 7 children belonged to the group with linguistic disorders. These findings remit us to the statements that genetic and environmental factors may aggravate the hindering effects of lead in the neural development, making some children more vulnerable to its neurotoxic effects (12) .
Concerning specifically the environmental aspect, it's important to mention that children of this study belong to a lower socio-cultural level, which can be a risk factor for the delay observed in their language development. This data, in association with the others presented, doesn't permit to attribute the language disorder found only to the neurotoxic effects of lead. As mentioned previously, despite the lead has a significant influence in children's development, the existente of other environmental factors -such as the environment where children live, the cultural and schooling level of parents and the quality of schools -may be even stronger (10, 12) .
Another finding that should be considered when discussing language is the percentage of children presenting disorder in the short term memory task. Specifically in the immediate hearing memory, 13 subjects (55%) presented limited memorizing skills. Yet, 12 of those 13 children presented disorder in one or more linguistic systems, suggesting a relation between language difficulties and memory. It is known that in cases of children with Specific Language Impairment (who are usually delayed concerning vocabulary knowledge and/or other language subsystems besides comprehension), one of the hypothesis for some of the language difficulties observed refer to a memory system with limited capacity, emphasizing the phonological and lexical disorders. This relation could be related to the proximity between the memory disorder levels, phonology and expressive vocabulary (75%, 65% e 55%).
When considering memory, we also have to consider a cognitive function tightly related to language, negatively affected by the lead intoxication, as well as other cognitive functions, even when it is below 10 g/dl (3, 8, 9) . The findings of the present study agree with the ones mentioned above, once it was found a considerable amount of damage in this function.
Despite this study have focus on 20 children who came for specific evaluation, it's necessary to stress that of the 67 children initially screened, 40 failed speech-language screening. These results, as well as others found in the literature, suggest and reinforce the need to face the problem of lead exposure as one of the many risk factors that interfere in children's neurodevelopment.
Conclusion
This study did not find a correlation between the severity of language impairment and the lead level presented by pre-school children. On the other hand, the occurrence of 13 (65%) children with language impairment indicates that the metal contamination is a risk factor for the disorders found, even when other factors that may lead to language development delay were observed.
